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A divided probe that incorporates a potassium aluminosilicate glass target and an 
analyte/glycerol matrix target, spatially separated, was used to inject potassium ions IK+) 
into the high-pressure “selvedge” region formed above the analyte/glycerol matrix target 
during fast-atom bombardment (FAB); [M + K]+ adduct ions that represent the types of 
gas-phase neutral molecules present in the selvedge region are observed. Computer model- 
ing assisted in designing the divided target and an additional ion optical element for the FAB 
ion source to optimize interactions between K+ ions and the desorbed neutral molecules. The 
capability of injecting K + ions into the FAB experiment has utility in both mechanistic 
studies and analyses. Experimental results here are consistent with a model for the desorp- 
tion/ionization processes in FAB in which some types of neutral analyte molecules are 
desorbed intact and are subsequently protonated by glycerol chemical ionization. Unstable 
protonated molecules undergo unimolecular decomposition to yield observed fragment ions. 
The use of K+ cationization of analytes for molecular weight confirmation is demonstrated, 
as well as its utility in FAB experiments in which mixtures are encountered. (1 Am Sac MUSS 
Spectrom 1993, 4, 259-269) 
F ast-atom bombardment (FAB) [l] is clearly a use- ful process for generating gas-phase ions from analytes that were not previously amenable to 
mass spectrometric analysis. The processes leading to 
the conversion of condensed-phase analyte to gas-phase 
ions are generally believed to depend on whether the 
analyte exists in neutral or ionic form in the matrix [2]. 
If, for example, a polar, nonionic analyte (M) is placed 
in the matrix, glycerol (G), with a molar G/M ratio of 
1OOO:l or more, desorption and ionization are proposed 
to occur sequentially [3]. The fast-atom beam, imping- 
ing the sample on the surface of the target, generates 
gas-phase G and M molecules above the sample sur- 
face, in the so-called selvedge region. A small fraction 
of the molecules may be ionized by subsequent fast- 
atom/desorbed molecule collisions or desorbed di- 
rectly in ionic form. Because most of the liquid target 
is composed of G molecules, most of these ions are 
related to G. Thus, essentially glycerol chemical ioniza- 
tion (CI) conditions are created. Initially formed ions 
related to glycerol undergo many collisions with G 
molecules to generate the [ nG + H]+ ion series, as 
well as leading to protonation of the analyte, forming 
[M + H] *. Thus, a gas-phase selvedge model explains 
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the formation of protonated analyte molecules, and it 
is consistent with the body of literature on proton 
affinities [4]. If the analyte is a salt, such as a tetra- 
a&y1 ammonium halide, R4N+X-, which ionizes in 
glycerol, then fast atoms induce direct desorption of an 
ion such as [R,N]+. No further chemistry is needed to 
generate an ion representative of the analyte, although 
adduct formation may occur as this ion passes through 
the selvedge region, to form ions such as [R,N + G]+. 
The analysis of a FAB spectrum is similar to the 
analysis of any CI spectrum, and similar questions 
must be addressed. Does the peak at highest mass-to- 
charge ratio value (that is not related to the matrix) 
represent the protonated analyte [M + HI+ or the rad- 
ical cation M+; or are such forms of the analyte unsta- 
ble? Does the peak at highest mass-to-charge ratio 
value represent a fragment of the protonated molecule 
such as the [(M + H) - HZO]’ species commonly seen 
for alcohols? Such questions become even more exten- 
sive because biological analytes may contain salts, and 
one may encounter adduct ions such as [M + Na]+ as 
well. Also, when salts are present in high concentra- 
tions, ions such as [M - H + 2Nal+ [51 may be ob- 
served. The choice of matrix in using FAB is a second 
complication that is obvious when one realizes that the 
differences in proton affinities of analyte molecules 
and matrix molecules may determine whether any ions 
Received October 11,199l 
Revised October 12,1992 
Accepted October 13,1992 
260 ROUSE AND ALLJSON J Am Sot Mass Spectmm 1993,4.2.59-269 
representing the analyte will be formed. Third, there 
are many complications when mixtures are (intention- 
Experimental 
ally or unintentionally) analyzed by FAB because it is Instrumental Parameters 
a ‘;batch” method. The ratio of ioncurrents represent- 
ing the two components may be a poor representation 
of their relative concentrations in the liquid target. In 
some cases, this may be due to the preferential proto 
nation of one component in the gas phase, owing to its 
relatively high proton affinity. In other cases, the pref- 
erential response for a compound may reflect the fact 
that it is surface active and thus is desorbed to a 
greater extent than other analytes in the matrix. 
We demonstrate here that K* ions can be injected 
into the selvedge region of the FAB experiment and 
that this capability will allow the neutral molecules 
formed bv particle bombardment to be identified. Such 
All mass spectra were obtained on a JEOL I-IX-110 
double-focusing, forward geometry mass spectrometer 
equipped with the JEOL FAB gun, the JEOL JMA- 
DA5000 data system, and the combination JEOL field 
desorption/FAB fFD/FAB) ion source. For all experi- 
ments, the accelerating voltage was 10 keV; the resolu- 
tion was 1000 (10% valley definition); and the scan rate 
was from m/z l-1500 per minute. The fast atoms used 
were 6-keV xenon atoms. A divided target was con- 
strutted by highly modifying a JEOL FAB target, as is 
described later. It was placed on the end of the JEOL 
direct-insertion probe. 
a capability not only provides useful information on 
the mechanism of FAB, but it also provides useful Computer Modeling of Ion Optics 
analytical information. This work is an outgrowth of 
the technique of K ’ ionization of desorbed species 
(K+IDSl[6] that was developed in this laboratory. The 
K+IDS technique uses K ’ as the CI reagent ion for 
identifying molecules desorbed after the rapid heating 
of thermally labile analyte molecules. Potassium ions 
are very useful for such work because they do not 
induce fragmentation on interaction with organic 
molecules 171, cannot react by charge transfer owing to 
the very low ionization energy of potassium atoms, 
and only form adduct ions. Thus, they provide a 
straightforward probe of neutral molecules generated 
in an ion source. Because we use K+ here to investi- 
gate neutral molecules desorbed by particle bombard- 
ment in the FAB experiment, we refer to the technique 
as K+IDS-by-FAB [S]. 
This work is not designed to prove that the selvedge 
region exists, nor are we attempting to define its di- 
mensions. Desorbed neutral molecules and desorbed 
ions are present in the ion source during a FAB experi- 
ment, and we can use gas-phase chemistry to sample 
the desorbed neutral molecules. Whether this corre- 
sponds to sampling the selvedge region or not de- 
pends on individual views and definitions of the term 
[9-121. 
To inject ions into the selvedge region of a normal 
FAB experiment, we investigated the use of a divided 
FAB target. One-half of the target would contain the 
typical glycerol/analyte mixture, and the other half 
would contain a material that, when subjected to FAB, 
would yield copious amounts of Kt ions. Although 
Miinster et al. [ 131, Miller et al. [ 141, and Michaud et 
al. [15] successfully demonstrated the use of divided 
targets to explore gas-phase ion formation mechanisms 
in FAB, the interactions of ions derived from one side 
The dimensions of the target and ion source optical 
elements were modeled using the computer program 
SIMION PC/P!52 Version 4.0 [16]. “Electrodes” were 
scaled to fit the maximum potential array size of 16,000 
points to ensure accuracy. The symmetry used was 
planar, nonsymmetrical. The set of electrode voltages 
used for each SIMION model was obtained by measur- 
ing the actual potentials of the ion optical elements in 
the JEOL FD/FAB ion source during a typical K*IDS- 
by-FAB experiment. The models were refined until the 
maximum voltage deviation in the array was 1 X lop4 
V. Identical results were obtained with MacSIMION 
2.0 [ 171, in which a more accurate, 330,000-point poten- 
tial array was defined. 
Sample Preparation 
Stachyose, kassinin, cholic acid, digoxin, and 
bradykinin (Sigma Chemical, St. Louis, MO); pdyethy- 
lene glycol600, benzyltriethylamrnonium chloride, and 
glycerol (Aldrich Chemical Co., Mikwaukee, WI); 
thevetin (K&K Laboratories, Cleveland, OH); and 
KNO,, AI,O,, and SiO, (Johnson Matthey Co., Ward 
Hill, MA) were used without further purification. Ana- 
lytes were dissolved either in methanol fJ. T. Baker, 
Phillipsburg, NJ) or a 1:l mixture of methanol and 
MU-Q water (Millipore, Bedford, MA). The sample 
concentrations ranged from 2 to 10 pg/pL. Spectro- 
scopically pure glycerol was coated on either the 
K+IDS-by-FAB analyte/glycerol target half or the JEOL 
FAB target, and 1 ,uL of sample solution was trans- 
ferred to the respective target and mixed with the 
glycerol. The FAB spectrum of each compound was 
obtained with an alkali metal-free JEOL FAB target. 
of their targets with neutral molecules derived from 
the other side usually resulted in ion signals of much Results and Discussion 
lower intensity than those that could be obtained when 
both analytes were mixed on a single target. We will 
K +lDS-by-FAB Target Development 
provide some ,msight into,this observation in the fol- The experimental design for injecting K+ ions into the 
lowing sections. FA3 experiment is conceptually very simple, but the 
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most straightforward divided target designs that were 
investigated gave only limited success. Successful K+ 
ion injection in the FAB experiment for sampling de- 
sorbed neutral molecules is highly dependent on both 
the target geometry and the arrangement of, and po- 
tentials applied to, the ion source optical elements, 
because the region of highest pressure presumably 
occupies a small region of space above the sample 
target. With the aid of the ion optics computer model- 
ing program, SIMION PC/PS2, a functional K+IDS- 
by-FAB target was developed. Our experiences and 
insights are summa rized here. 
The design considerations of a divided target for 
K ’ IDS-by-FAB required that the FAB beam strike both 
a solid surface that would yield K* ions and the 
matrix/analyte target simultaneously, resulting in the 
injection of desorbed K+ ions into the gaseous selvedge 
region above the matrix/analyte target. The [M + K]+ 
adduct ions formed by this process would then be 
extracted and mass analyzed. A common way to gen- 
erate gas-phase K’ ions with FAB is to bombard a KC1 
film. Unfortunately, FAB of KC1 yields K,ClG cluster 
cations in addition to K+, and the KC1 film on the 
target needs to be regenerated after each experiment. 
One key component of the K+IDS-by-FAB experiment 
is the generation of K + ions. In K+IDS, a K+ alumi- 
nosilicate glass emitter with the molar composition 
K,O:Al,O,:2SiO,, generates copious amounts of gas- 
phase K+ ions; surprisingly few neutral molecules are 
emitted from such materials (5 10%) when heated 
[lg]. FAB of the same K+ glass on a target surface at 
room temperature also yields continuous, copious 
amounts of gas-phase K + ions, with no evidence of 
charging [19]. The FAB mass spectrum of the Kf glass 
(Figure 1) was obtained by exposing the K’IDS-by-FAB 
target, without a sample or glycerol present, to the 
fast-atom beam. The dominant peak represents the 
reagent ion Kf. The small Na+ ion signal at m/z 23 in 
Figure 1 arises from impurities in or on (or both) the 
K* glass emitter and target metal surfaces. The peak at 
m/z 52 represents Cr+ sputtered from bare stainless 
steel surfaces. We believe that JS+ ion generation via 
the K+ glass emitter is the optimal approach because 
copious amounts of K+ ions are generated exclusively, 
and a single K+ glass target can be used for many 
experiments. 
The first K+IDS-by-FAB work used a simple wall- 
divided target [20] that is shown in Figure 2a. We 
concluded that this wall-divided target was unreliable, 
regardless of wall height (O.lll mm). Most often, this 
target resulted in little [M + K]* adduct ion forma- 
tion, and either the K+IDSby-FAB spectra contained a 
peak representing the K+ ion only or peaks represent- 
ing the normal FAB matrix and analyte ions, depend- 
ing on tuning parameters. In Figure 3, a representative 
K+IDS-by-FAB mass spectrum for glycerol is shown in 
which adduct ion formation occurred. Such a spectrum 
is obtained when the K+ glass emitter has been con- 
taminated by condensed-phase material. An identical 
mass spectrum is obtained if glycerol is intentionally 
placed on the Kf glass emitter and subjected to FAB. 
Apparently, the analyte/matrix can be sputtered onto 
the K+ emitter by the fast-atom beam if the wall 
separating the two targets is too low. Also, the ana- 
lyte/matrix can “creep” around and over the wall 
because the two target surfaces are physically con- 
nected. The abundant [G + K]+ adduct ion may be 
due in part to the desorption of the [G + K]+ ion 
directly from the surface of the Kf glass emitter. The 
formation of the [G - H t 2K]+ adduct ion is the 
primary indicator that a condensed-phase interaction 
between K+ glass and analyte/matrix has occurred. If 
the [G - H + 2Kl’ ion appears in the mass spectrum, 
we cannot guarantee that the [G + K]+ adduct ion, as 
well as any K+ adducts of analyte molecules observed, 
are formed in the gas phase. 
To decrease the possibility of crosscontamination, 
as demonstrated by the wall-divided target, we de- 
signed the divided target shown in Figure 2b. With 
this “space-divided” target, the KC emitter and sam- 
ple support are separated in space, but are close enough 
so that both targets can be bombarded simultaneously 
by fast atoms, and desorbed Kt ions can interact with 
the desorbed neutral molecules above the sample tar- 
get. The sample stage on a JEOL FAB target was bent 
to a 30” angle, and rhenium wire (0.007 in.) connects 
the Kf glass emitter to the target post. Unfortunately, 
this space-divided target has also performed inconsis- 
tently in converting a substantial fraction of K+ ions 
into [M + K]+ and [G + K]* adducts; however, it did 
a b 
Figure 1. FAB mass spechum of the K+IDS-by-FAB target Figure 2. Schematics of (a) the K+IDS-by-FAB wall-divided 
without matrix or analyte present. target and (b) the K+ IDS-by-FAB space-divided target. 
262 ROUSE AND ALLISON J Am %c Mass Spectrum 1993,4,259-269 
wo- 
.” 
1-N ’ combination of SIMION and experiments led to an 
; 80. 
experimental design that was effective. Thus, it should 
f 
be realized that the SIMION results are shown to 
: 80. present insights into what could happen, the shape of 
I the potential energy surface in the ion source, and how 
; 40. IO* + 
: 
[2C+iq f it can be distorted to achieve the desired result-the 
[2C+UI’ sampling of desorbed molecules by K+ attachment. 
; 20. IGH+w 
I? SIMION was first used to consider the optimization 
: 
0 1, L, .? . 11’ . ‘, Y .k :I#, ‘I!, I! b -, -. ,’ -, 
of the spatial overlap between the K+ ions from the 
0 100 203 240 4M glass emitter and the neutral molecules desorbed from 
mn 
Figure 3. K+IDSby-FAB mass spectrum of glycerol when the 
K+ glass emitter is contaminated with matrix/analyte. 
solve the cross-contamination problem that plagued 
the wall-divided target because [G + K]+ adduct ions 
could be formed without [G - H + u(]’ ion forma- 
tion. 
The ion optics computer modeling program SIMION 
was used to gain insight into the ion trajectories from 
K+IDS-by-FAB targets to improve performance. Rep- 
resentative computational results are presented below. 
The utility and limitations of the SIMION investiga- 
tions should be clearly stated. “SIMION is a personal 
computer program for designing and analyzing 
charged particle lenses, ion transport systems, various 
types of mass spectrometers and surface probes that 
utilize charged particles” [21]. We are using it to gain 
insights into the influence of ion source modifications 
on the potential surface on which ions move within the 
ion source. The results presented here should not be 
interpreted literally, but are meant to assist in the 
design and analysis of the experiment. Obviously, the 
experimental goal is to generate ions from near a solid 
surface, and have them “sweep” through a region of 
space close to the matrix surface. The ionic trajectories 
are determined by the fields within the source. The 
best way to appreciate the topology of the electric 
fields is to follow some ion trajectories. This we do in 
the figures presented. In these trajectory studies, ions 
originate near a surface with an initial kinetic energy 
of zero. Clearly this is not an accurate description of 
the ions; however, ions with no initial kinetic energy 
are most sensitive to the potential surface on which 
they move. The other option would be to compute 
thousands of trajectories for a variety of possible initial 
kinetic energy vectors. Although such a rigorous ap- 
proach may be informative, it must be realized that 
any trajectories computed cannot be accurate because 
SlMION will not allow ion-neutral molecule collisions 
to be considered. The point of the experiment is to 
inject ions into a high-pressure region of the ion source 
where collisions occur. Thus, we use SIMION to sug- 
gest physical possibilities. The SIMION results selected 
to be shown here are relevant in that they correlate 
well with what is observed. They correctly predict 
which variations of the K+IDS-by-FAB experiment 
should work; they predict qualitative tuning variations 
the analyte/matrix target. In Figure 4a, a SIMION 
model of the normal FAB experiment that incorporates 
an ordinary JEOL FAB target placed in the JEOL 
FD/FAB ion source is shown. The FD/FAB ion source 
electrodes and measured potentials are as follows: FAB 
target (repeller), 10,050 V; cathode (Ll), 10,010 V; first 
focus (L2), 9000 V; second focus (L31, 600 V; deflector 
(L4), 30 V; and total ion monitor plate (Wl, 0 V. The 
L3, L4, and L5 electrodes were included in the SIMION 
models, but are not shown in the figures. The FAB 
beam is also not shown, but it would originate from 
above the figure and strike the target with an average 
angle of incidence of 70”. The slits in Ll and L2 are 1 
and 2 mm wide, respectively. Here, trajectories for 
eleven lOO-Da cations, with initial energies of 0 eV, are 
shown starting at various locations near the FAB tar- 
get. Of the 11 trajectories, only nine ions from the 
target area are successfully extracted by the penetrat- 
ing electric fields (shown by the contour intervals 
labeled Cl-C4). These ions pass through both Ll and 
L2, but the beam sharply diverges after L2. In Figure 
4b, a SIMlON model of the K+lDSby-FAB wall- 
divided target is shown. Twenty-three total trajectories 
are shown; 11 ions originate on each half of the target, 
a b 
C d 
Figure 4. SIMION models of (a) the JEOL FD/FAB target and 
ion source; (b) the K+ID!%by-FAB wall-divided target; and the 
K+IDS-by-FAB space-divided target showing the fate of (c) ana- 
lyte/matrix ions and (d) of K+ ions. Contour lines representing 
the extraction field for the potentials 10,040 V (Cl); 10,030 V (C2); 
10,020 V (C3); 10,010 V (C4); 9500 V (C5); and 9000 V (C6) are 
shown. Source elements and wtentials are described in the text 
and sensitivity changes that are observed; and the ’ for this 10-k&J ion source. 
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and one originates on the wall. Unfortunately, only the the electrode LO resulted in the ability to perform the 
ion that originates from the center of the target- was K+IDS-by-FAB experiment as originally envisaged, and 
successfully extracted. Our experimental results with the reasons are shown in Figure 5a-d. The SIMION 
the K+IDS-by-FAB wall-divided target coincide with model in Figure 5a shows the normal FAB target, as 
the SIMION results shown here. The unreliable nature shown in Figure 4a, in the FD/FAB ion source that 
of the wall-divided target is illustrated by the SIMION incorporates the additional electrode, LO, placed be- 
model because the KC ions from the K+ glass emitter tween the target and Ll. Again, 11 ion trajectories from 
surface diverge away from the selvedge region above the FAB target surface are shown. The position and 
the opposite target surface, preventing [M + K]+ dimensions of the LO electrode decrease the effects of 
adduct formation. Because the contamination area of the extraction voltages, as shown by the positions of 
this target, discussed previously, is surely centered 
around the wall, the SIMION model suggests that ions 
from this central region would be easily extracted. It is 
also clear from the SIMION model in Figure 4b why 
different tuning parameters were required to optimize 
extraction of analyte/glycerol ions, K+ adduct ions 
from the wall area, and K+ ions in the FD/FAB ion 
source. Three different sets of potentials were required 
for the optimum sampling of ions that originate from 
the three different regions on the target (left, center, 
and right). Thus, the SIMION models agree well with 
experimental observations. 
the contour lines that correspond to the same poter- 
tials as those shown in Figure 4a. The presence of LO in 
the SIMION model still results in the extraction of 9 of 
the 11 ions, and it produces a well-defined ion beam 
compared with the ion beam shown in Figure 4a. 
Experimentally, the FAB spectrum is identical whether 
LO is present or not. Figure 5b shows the SIMION 
model of the wall-divided K*IDS-by-FAB target cou- 
pled with the additional electrode, LO. The presence of 
LO in front of the wall-divided target dramatically 
increases the number of successfully extracted ions 
from 1 to 15 (7 ions from each target half) by decreas- 
ing the penetration of the extraction field. This design 
was never experimentally tested because SIMION re- 
sults show that the Kf ion overlap with the desorbed 
neutral molecules above the sample surface may still 
be insufficient, and previous experimental results 
showed that K’ glass contamination readily occurs. 
Figure 4c and d show the SIMION model of the 
space-divided K+IDS-by-FAB target. Figure 4c shows 
the trajectories of 19 cations of mass 1000 Da and with 
0 eV of initial kinetic energy originating from various 
locations near the stainless steel sample target. Twelve 
of the 19 ions are successfully extracted from the target 
area. These ions traverse both Ll and L2, but the beam 
is poorly defined, which is consistent with observed 
tuning problems. In Figure 4d, the trajectories are 
shown for K+ ions originating from the KC glass. All 
but two trajectories terminate on the source element 
Ll; however, at least these K’ ions do follow favorable 
trajectories, passing close to the presumed selvedge 
region. Experimental results with this space-divided 
K+IDS-by-FAB target are consistent with the K+ ions 
trajectories, as shown in Figure 4d. The [M + K]+ 
adduct ion formation occurred more often with this 
design than with the wall-divided target, but the [M + 
K]+ adduct ion signal was still usually weak in com- 
parison to any FAB matrix/analyte ions. A potential 
problem with this KtIDS-by-FAB target design is that 
a typical K + ion is promptly accelerated to kinetic 
energies of 2 eV and greater in the presumed vicinity 
of the selvedge region, resulting in (1) short residence 
times and (2) kinetic energies too high for adduct 
formation [22]. As a result, many of the desorbed 
neutral molecules are not sampled by low-kinetic en- 
ergy K* ions for the set of ion optical element voltages 
used in this SIMION calculation. 
In Figure 5c and d, the SIMION model of the 
space-divided KIDS-by-FAB target coupled with the 
additional electrode, LO, is shown. In Figure 5c, 1X of 
19 matrix/analyte FAB ions from the target area are 
accelerated toward the analyzer in a well-defined beam, 
in contrast to the SlMION model shown in Figure 4c. 
In Figure 56, all K + ions are injected into the pre- 
sumed selvedge region above the sample target. 
a b 
LO, with a center slit less than 1 mm wide and a 
In an attemot to correct for the short residence time 
and high kine’tic energy of the K* ions, an electrode, 
potential equal to the target potential, was placed 
equidistant between the target electrode and the cath- 
ode electrode, Ll, in the SIMION model to limit the 
extent of the extraction field penetration into the target 
Figure 5. SIMION models with the additional ion optical ele- 
ment LO present: (a) the JEOL FD/FAB target; (b) the K+IDS-by- 
FAB wall-divided target; and the K+IDS-by-FAB space-divided 
target, with trajectories shown for (c) analyte/matrix ions and cd) 
K* ions. Contour lines representing the potentials 10,040 V (Cl); 
10.030 V (C2): 10,020 V (C3): 10,010 v (C4); 9500 V (C5); and 9000 
area. The combination of the space-divided target and 
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SIMION trajectory calculations show that the LO elec- 
trode increases the residence time and lowers the ki- 
netic energy of the K+ ions because the penetrating 
extraction fields stop sharply at LO, and essentially a 
field-free region is created between LO and the target. 
With the LO ion optical element present, the typical K* 
ions gain 2 eV of kinetic energy, a realistic upper limit 
for K” adduct formation, in 4.5 ps and are present for 
approximately 1.9 ws in the presumed area of the 
“selvedge region.” Without LO installed (Figure 4c and 
d), typical K+ trajectories achieve 2 eV in 0.45 ps and 
are present for approximately 0.3 ps in the “selvedge 
region.” Thus, there is substantially more opportunity 
for each K* ion to react with a desorbed neutral 
molecule with LO installed. In addition, a high-pres- 
sure region would probably be created in the small 
volume between the target and LO electrode that would 
provide stabilization for termolecular ion-molecule 
adduct formation, if required. Experimentally, there 
were no visible traces of sample condensation on LO. 
SIMION results clearly indicate that no preferential 
tuning problems should occur with the additional LO 
ion optical element installed because all K+ and ma- 
trix/analyte-related ions are focused into a well- 
defined beam. Experimental results below confirm 
this observation because [M + K]+ adducts and 
analyte/matrix ions appear in the same spectrum. 
We incorporated the design shown in Figure 5c and 
d into the K+IDS-by-FAB experiment with successful 
results. Figure 6b shows the K+IDS-by-FAB spectrum 
of a glycerol sample obtained by using the space-di- 
“1 
b 
wz 
Figure 6. (a) FAB mass spectrum and (b) K+IDS-by-FAB mass 
spectrum of glycerol (MW 92). 
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vided target with the ion optical element I_0 mounted 
in the FD/FAB source, showing that [G + K]+ adduct 
ions can be formed without [G - H + 2Kl* ions being 
formed. Thus, the analyte/liquid matrix is not being 
sputtered onto the Kf glass. To confirm that these 
[G + K]+ ions are formed in the gas phase, one addi- 
tional process needs to be considered. Although glyc- 
erol does not contaminate the K+ glass, potassium 
could be sputtered into the matrix, yielding the ob- 
served adducts from condensed-phase, not gas-phase, 
processes. 
The following observations and experiments sug- 
gest that potassium is not being sputtered from the 
thermionic emitter onto the liquid target in this experi- 
ment. First, we note that the K+IDS-by-FAB experi- 
ment is difficult to perform because it is very sensitive 
to the target design and positioning in relation to LO 
and the ion source. If significant amounts of potassium 
were sputtered from the glass to the liquid matrix and 
this led to K+ adducts, the results should be much less 
sensitive to experimental design. For example, the de- 
signs shown in Figure 4b-d should yield [G + K]* 
and [M + K]+ ions as well as those shown in Figure 
5b-d; this was not the case. Second, the emission 
properties of alkali aluminosilicate glasses suggest that 
the particle-induced desorption of K(g) need not occur 
to a greater extent than for K+(g) owing to the nature 
of these materials and their performance as thermionic 
emitters. Third, if potassium is sputtered into the liq- 
uid matrix in this experiment, and this is the process 
by which K+ adducts are formed, then a time depen- 
dence should be observed. There should be no K+ 
adducts formed when the FAB experiment begins, and 
the adduct ion signals should increase with time as 
sputtered potassium accumulates in the matrix. This is 
not observed. The K+ adduct signals are present when 
FAB is first initiated, and the adduct ion signals are 
constant for a period of several minutes. Fourth, exper- 
iments have been performed to test transfer of potas- 
sium from the emitter to the sample target. For exam- 
ple, if no glycerol is added, and the space-divided 
target is bombarded for several minutes, potassium 
may be sputtered onto the bare sample surface on 
which glycerol is usually deposited. If the K+ emitter 
is then removed and the bare surface subjected to FAB 
analysis, there is no evidence for the accumulation of 
potassium on this surface. This is also true when 
glycerol is placed on the second target. If the space-di- 
vided target is bombarded for a period of time, the K+ 
emitter removed, and the remaining glycerol analyzed 
by FAB, there is no evidence for detectable concentra- 
tions of potassium in the glycerol. In some cases, a 
very small peak that could represent [G + K]+ could 
be observed, but it was barely detectable and very 
much smaller than those observed in the K*IDS-by- 
FAB experiment. Also, experiments that involved the 
addition of various concentrations of KC1 to glycerol 
demonstrated that if potassium was sputtered into the 
glycerol and this process leads to K* adducts, then 
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Peptides. The behavior of peptides in the K+IDSby- 
FAB experiment varies, which suggests that the mech- 
anisms for ion formation should depend on the specific 
peptide under study. When the peptide kasslnin (MW 
1334) is analyzed by FAB using glycerol as the matrix, 
an abundant protonated molecule is formed. A portion 
of the K+IDS-by-FAB spectrum of kassinin is shown in 
Figure 9. The appearance of the additional peak at 
m/z 1373,38 Da above the protonated molecule, repre- 
sents the potassium adduct of the intact, desorbed 
peptide. Even for an analyte of this size, FAB appears 
to induce the desorption of the analyte intact. 
Bradykii (MW 1059) also forms an abundant pro- 
tonated molecule at m/z 1060; however, when the 
K+IDS-by-FAB experiment is performed, and K+ ions 
are injected into the selvedge region, no new ions are 
formed representing the analyte. Apparently, 
bradykinin exists in glycerol in protonated form and 
desorbs directly as an ion. This may be due to the very 
basic arginine residues in the peptide. Thus, even in a 
simple glycerol matrix, without addition of acid or 
base, peptides may behave in a variety of ways, de- 
pending on the p&s of the various basic sites in the 
molecule. 
Analytical AppEications of K fIDS-by-FAB 
The obvious analytical utility of K+IDS-by-FAB, in the 
context of FAB analyses, is the molecular weight con- 
firmation for analytes that are not preionized in the 
matrix. Such capabilities are demonstrated in the cholic 
acid example in Figure 7a and b. If this were an 
unknown, the l&Da difference between m/z 355 and 
373 would certainly be recognized as a water loss; 
however, one would probably not be able to distin 
guish the peaks at m/z 391 and 409 above the back- 
ground. Thus, one may assume that the molecular 
weight of the analyte was 372. In addition to those 
cases in which analytes yield very small peaks in the 
molecular weight region of the spectrum, K+IDS-by- 
FAB is also useful in this regard when the mass-to- 
charge ratio of the protonated molecule coincides with 
that of a matrix-related ion. Similar cationization stud- 
ies can be done by adding KC1 or KI to the matrix, 
4 
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Figure 9. K ’ IDSby-FAB mass spectrum of kassinin (MW 1334) 
in glycerol. 
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although this can lead to other ions in addition to an 
[M + K]+ ion. 
A common occurrence that can “mask” molecular 
weight information in FAB is the formation of ana- 
lyte/matrix cluster ions. For example, Figure 8a and b 
shows a peak at m/z 873, which is the proton-bound 
adduct ion of digoxin and glycerol. Usually, the 92-Da 
difference between the peaks at m/z 781 and 873 
would be recognized as an adduct ion containing a 
single-matrix molecule, although the peak at m/z 873 
could represent either the protonated analyte or a 
second component with a molecular weight 92 greater 
than that of digoxin. Again, the K+IDS-by-FAB results 
clearly indicate the molecular weight of the compound 
and assist in identifying the high-mass ions that are 
candidates for pseudomolecular ions. 
Another typical situation arose in obtaining the FAB 
mass spectrum of stachyose (MW 6661, an oligosaccha- 
ride. The peak representing the protonated molecule is 
discernible but of low intensity, comparable to the 
intensities of nearby matrix-related ions in the mass 
spectrum. Actually, in some experiments with this 
analyte, no protonated parent was observed at all. Its 
formation was dependent on the glycerol/stachyose 
ratio used. Also, sodium salt impurities in the sample 
led to an [M + Na]+ peak 22 Da above the protonated 
molecule. Figure 10 shows the K+ID!-by-FAB mass 
spectrum of stachyose, which clearly allows the molec- 
ular weight to be verified and the assignments for the 
peaks at m/z 667 and 689 to be confirmed. 
K+IDS-by-FAB also provides useful Information 
when mixtures are the subject of a FAB analysis. The 
use of FAB mass spectrometry for the analysis of 
mixtures always presents particular challenges, espe- 
cially if no chromatographic information is available 
for the sample. A mixture that has received much 
attention in the desorption/ionization literature is that 
encountered in polyethylene and polyproplyene gly- 
cols. For example, polyethylene glycol (PEG) 600 is a 
mixture of oligomers with the formula 
[H(OCH,CH,),OH]. The distribution of oligomers is 
such that the average molecular weight is approxi- 
mately 600. One can obtain information on the oligomer 
distribution by FAB. If a small amount of PEG is 
added to a glycerol matrix, a series of protonated 
Figure 10. K+IDS-by-FAB mass spectrum of stachyose (MW 
666) in glycerol. 
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oligomers appears in the resulting FAB mass spec- 
trum. Figure 11 shows the K+IDS-by-FAB spectrum of 
PEG 600. The K+ adducts of each oligomer clearly 
stand out and dominate over all other ions formed. 
Again, as in the single-component analyses, FAB ap- 
pears to induce the desorption of all of the oligomers 
present in the mixture intact. 
In our work to understand the fragmentation of 
cardiac glycosides [26], we obtained the FAB mass 
spectrum of thevetin (MW 858) that is shown in Figure 
12a. As expected, a peak representing the protonated 
molecule was present at m/z 859; unexpected was a 
second peak 14 Da higher at m/z 873. It is rare to find 
high-mass ions separated by 14 Da because the loss of 
CH, is rarely observed in unimolecular dissociations. 
A more reasonable explanation was that a mixture of 
two compounds was present with MWs 858 and 872 in 
approximately a 3:l ratio, respectively. An investiga- 
tion revealed that there are two forms of thevetin, 
thevetin A and B, whose structures, as indicated on 
Figure 12a, differ by 14 Da. Apparently these two 
compounds are difficult to separate. The K+IDS-by- 
FAB mass spectrum of thevetin (Figure 12b) confirms 
the presence of two compounds that differ in mass by 
14 Da because two additional ions are formed on 
injection of K+ ions. If one looks more closely at the 
spectrum in Figure 12a, the relative abundances of the 
isotopic clusters for protonated thevetin A and B are 
very different, particularly at m/z 875. In fact, this 
same isotopic distribution also appears in the K+IDS- 
by-FAB spectrum in Figure 12b, suggesting that the 
sample is at least a three-component mixture. The 
third compound may be a reduced variant of thevetln 
A. 
Last, it should be noted that the K+ adduct of the 
intact analyte can be selected for collision-activated 
dissociation (CAD) or metastable analysis in the 
K+IL%-by-FAB experiment. The product ions of the 
K+IDSby-FAB precursor [M + K]* adduct ions, 
formed in the gas phase, are the same as those ob- 
served for the [M + K] + ions formed when KI is added 
to the peptide/glycerol matrix. The utility of CAD for 
alkali cationized molecules in providing structural in 
formation has been demonstrated [27] and appears to 
be a method that can provide complementary informa- 
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Figure 11. K+IDS-by-FAB mass spectrum of polyethylene gly- 
co1 600 in glycerol. 
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Figure 12. (a) FAB mass spectrum and (b) K+ IDSby-FAB mass 
spectrum of thevetin A (MW 872) and thevetin B (MW 858) in 
glycerol. 
lion to that available from CAD studies of protonated 
molecules. 
Conclusions 
We have demonstrated that K+ ions can be success- 
fully injected into the selvedge region of the FAB 
experiment to probe the desorbed neutral species pres- 
ent. The K+IDS-by-FAB technique is both a mechanis- 
tic and an analytical tool. Mechanistically, the desorp- 
tion aspects of FAB, for both analyte and matrix 
molecules, can be probed. Analytically, K* cationiza- 
tion of analytes is useful for molecular weight confir- 
mation. 
One assumption central to the K+IDSby-FAB data 
discussed here is that KC will form adduct ions with a 
variety of neutral molecules in the FAB ion source and 
that there are no dramatic differences in adduct forma- 
tion rates for the molecules under consideration. Cer- 
tainly, the details of this assumption remain to be 
explored. For example, in the experiments with glyc- 
erol, K+ forms a complex with glycerol but not with 
dehydrated glycerol, and this is interpreted as suggest- 
ing that desorbed, dehydrated glycerol is not a major 
product of particle bombardment. This assumes that 
K+ will form an adduct with [G - H,O]. At this point, 
we make two observations. First, Kf and other alkali 
ions form adducts with monofunctional molecules such 
as alcohols and small molecules such as propene, so 
that multiple functional groups are not required [7, 
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281. Second, polar groups need not be present in a 
molecule for a substantial binding energy to an alkali 
ion. Because the interaction is electrostatic, both the 
dipole moment and the polarizability must be consid- 
ered. In field desorption/surface ionization experi- 
ments, alkali ion adducts with saturated alkanes have 
been observed 1291, showing that such species can be 
stable, even when there is no dipole moment, if the 
size and structure of the molecule result in a substan- 
tial overall polarizability. Obviously, much work re- 
mains to quantitate this aspect of the experiment. 
Finally, we note that for the compounds studied to 
date, it is intriguing that FAB provides a source of 
gas-phase molecules with molecular weights above 
1000 Da. This capability may eventually find applica- 
tions in fields other than mass spectrometry. For exam- 
ple FAB may prove to be a useful tool for the spectro- 
scopic characterization of large molecules in the gas 
phase in the absence of solvent. 
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